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Abstract of EP0334435 

An actuator for supplying a controlled force or 
attaining a controlled position, especially an 
electro-mechanical brake unit, includes a drive 
sleeve 8), which may be subjected to a torque, 
for example from a coil spring (6), and a ball 
screw (15, 25) for transforming the torque into an 
axial force for brake application. Between the 
drive sleeveand-the-ball-screw-there-is a control- 
arrangement, comprising an outer locking spring 
(16), a control sleeve (17), and an inner locking 
spring (18), a control motor (20) being connected 
to the control sleeve for rotation thereof in either 
direction. The control sleeve is connected to the 
locking springs for control of their locking and 

unlocking functions. 
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Description 
Technical Field 

This invention relates to an actuator, including a 
housing, a drive sleeve subjected to a rotational 
movement by a source of working energy for the 
actuator and a drive ring which delivers a rotational 
movement to further means of the actuator. 

The invention is exemplified by its use as a brake 
unit, preferably for a rail vehicle, but it may equally 
well be used in numerous applications and embodi- 
ments where a controlled force is to be supplied or a 
controlled position for an external load is to be at- 
tained. The actuator may supply a rotational move- 
ment or torque, but will preferably - by the inclusion of 
means transforming the rotational movement into an 
axial movement, for example a conventional ball 
screw - supply an axial movement or force. 

Background of the Invention 

Conventionally, the braking of a rail vehicle is per- 
formed in that compressed air is admitted to a brake 
cylinder, wherein a piston moves axially and transmits 
an axial brake force. As an alternative, most often 
used for parking and emergency braking but occa- 
sionally also for service braking, a powerful spring is 
normally held compressed by compressed air in a 
cylinder, but when the air pressure is lowered a brake 



A-4 202 430, DE-A-3 0I0 335, GB-A-2 141 500, and EP- 
A-I66 156. 

Especially EP-A-247 733 discloses an actuator, 
wherein electric motors and springs cooperate to ap- 
5 ply and release a brake force. 

There are also examples of solutions where the 
energy from the electric motor is stored in a coil spring 
or clock spring, namely US-A-3 131 788, US-A-3 217 
843, and US-A-3 280 944. In these solutions, stem- 
10 ming from one source, the application of the brake is 
controlled by the motor, which also is used for tension- 
ing the spring. By this technique it is virtually imposs- 
ible to obtain the response times and control 
necessary in modern systems. 

15 

The Invention 

In order to fulfil all requirements imposed thereon 
an actuator according to the invention is charac- 

20 terized by clutch means between the drive sleeve and 
the housing that only conditionally permits rotation of 
the former in a first direction, further by a locking 
spring connecting the drive sleeve with the drive ring, 
which is coaxial therewith, and by means that control 

25 the locking spring to perform its function to connect 
the drive sleeve with the drive ring only at the rotation 
of the drive sleeve in the first direction but to allow cer- 
tain rotation of the drive ring in a second direction, op- 
posite direction at request 

30 If used as brake unit f or a rail vehicle , an actuator 



force is exerted. 

There is currently a trend towards avoiding a 
compressed air system on modern rail vehicles, 
which means that no air for control or power gener- 
ation is available. In contrast it is often desirable to 
utilize electricity both as the power generating 
rnedium and the control medium, partly in view of the 
frequent use of electronics in control systems and the 
simplicity in the equipment for transferring power in 
the form of electricity, which can be used for diverse 
applications on board a modern rail vehicle. 

Accordingly, it is a growing interest for the con- 
cept called "braking by wire", i.e. a system in which 
electric power is transformed into a mechanical brake 
force in relation to an electric signal supplied from the 
driver. The requirements on such a system are high, 
for example with regard to accuracy and response 
times in view of possible anti-skid functions and so 
forth, but also with regard to simplicity, reliability and 
ability to withstand the rather extreme environmental 
stresses underneath a rail vehicle. 

Several attempts to accomplish designs fulfilling 
the different requirements on so called electro- 
mechanical actuators or brake units are known. 
Examples of solutions where an electric motor is used 
to tension a normal spring (a helical spring), which ap- 
plies the brake force when desired, are disclosed in 
US-A-874 2I9, US-A-2 2I8 605, US-A-4 033 435, US- 



according to the invention includes a drive sleeve, 
which can be subjected to the torque from a coil 
spring, a motor or any other means for creating a 
brake force, and a drive ring, connected to a ball 

35 screw or similar means for transforming the torque in- 
to an axial force for brake application. The invention 
resides in the controllable means for transferring the 
torque between the drive sleeve and the drive ring. In 
a brake unit the first direction is the brake application 

40 direction, whereas the second direction accordingly is 
the brake release direction. 

Preferably the means for controlling the locking 
spring is a control sleeve, which is concentric with the 
drive sleeve and the drive ring and is connected with 

45 one end of the locking spring, whereby rotation of the 
control sleeve in the second direction will open the 
locking spring and allow the drive ring to rotate the 
same angular distance as the control sleeve in the 
second direction. 

50 In one embodiment of the invention the drive 
sleeve is subjected to the torque of a coil spring ten- 
sioned by a motor, preferably an electric motor. In that 
case the clutch means between the drive sleeve and 
the housing of the unit may preferably be a further 

55 locking spring normally preventing rotation of the 
drive sleeve in the first direction, and one end of the 
locking spring is connected to the control sleeve, 
whereby rotation thereof in the first direction will open 
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the locking spring and allow the drive sleeve to rotate 
the same angular distance as the control sleeve in the 
first direction. 

In order to fulfil the requirement to control the 
actuator or brake unit "by wire" the control sleeve may s 
be connected to an electric control motor for its rota- 
tion in either direction, leading to rotation of the drive 
ring in either direction. 

In another embodiment of the invention the drive 
sleeve is directly connected to a rotary motor, prefer- 10 
ably an electric motor. In that case the clutch means 
between the drive sleeve and the housing is a further 
locking spring for permitting rotation of the drive 
sleeve by the motor only in the first direction. 

The motor is preferably drivingly connected to the 15 
control sleeve for permitting rotation thereof in both di- 
rections, whereas in the connection between the 
motor and the drive sleeve is arranged a one-way 
clutch only transmitting rotation to the drive sleeve in 
the first direction. 20 

In still another embodiment of the invention the 
drive sleeve - as in the first embodiment - is subjected 
to the torque of a coil spring tensioned by a motor, 
preferably an electric motor. Again, the clutch means 
is an outer locking spring normally preventing rotation 25 
of the drive sleeve in the first direction. In this embo- 
diment the means for controlling the locking spring ar- 
ranged between the drive sleeve and the drive ring - 
an inner locking spring-, said means also controlling 
the outer lockin g s prin g, is a control member , w hich is 30 



axiaily movable under the influence of two elec- 
tromagnets for unlocking the end of either locking 
spring from the housing or the drive ring, respectively, 
and accordingly for allowing rotation of the drive 
sleeve in the first direction or the drive ring in the sec- 35 
ond direction, respectively. 

Brief Description of the Drawings 

The invention will be described in further detail 40 
below reference being made to the accompanying 
drawings, in which Figs I-3 are respective side views, 
partly in section, of three embodiments of an actuator, 
namely an electro-mechanical brake unit, according 
to the invention. 45 

Detailed Description of Preferred Embodiments 

An electro-mechanical brake unit according to Fig 

1 has a housing I with a spring lid 2 to the left in the so 
drawing and a mechanism lid 3 to the right. The lids 

2 and 3 are screwed on the housing I. The unit is also 
provided with a force transmitting member 4, which as 
appears below is axiaily movable in relation to the 
housing I. The housing I and the member 4 are pro- 55 
vided with attachments 5 for the mounting of the unit, 

for example in a conventional disc brake caliper of a 
rail vehicle. (Such a brake arrangement is not shown 



in the drawing but is well known to any person skilled 
in the art.) In this way a movement of the member 4 
to the left in the drawing will result in a brake appli- 
cation. 

A powerful coil spring or clock spring 6 is ar- 
ranged in the housing I. The outer end of the spring 6 
is anchored to a rotatable motor sleeve 7 and its inner 
end to a rotatable drive sleeve 8, which is journalled 
in the housing I. 

An electric motor 10 is attached to the housing I. 
It is drivingly connected to a gear ring 7' on the motor 
sleeve 7. A one-way coupling, for example a locking 
spring 12, enables the motor sleeve 7 only to be 
rotated in the direction for tightening the coil spring 6. 

Coaxial with the drive sleeve 8 is a rotatable drive 
ring 13 in splines engagement with a spindle ring 14, 
which is attached to a rotatable spindle 15. 

A rotary force transmission between the drive 
sleeve 8 and the drive ring 13 (and thus the spindle 15 
via the spindle ring 14) is performed by means of an 
arrangement consisting of three concentric members, 
namely an outer locking spring 16, a control sleeve 17, 
and an inner locking spring 18. 

The outer end, or the end to the right in Fig I, of 
the control sleeve 17 is provided with a gear ring 17' in 
engagement with corresponding gears on the rotary 
motor shaft 19 of an electric control motor 20 attached 
to the mechanism lid 3. The shaft 19 of the motor 20, 
which preferably may be of DC or step motor type, is 
_ provided with a disc 21 cooperatin g wi t h a fixed yoke 



22. The disc 21 has circumferential control means, for 
example holes, for counting by the yoke 22 and there- 
by control of the rotation of the control motor 20, as 
will appear more clearly below. 

A force transmitting sleeve 23 is attached to the 
force transmitting member 4. A ball nut 25, which to- 
gether with the ball screw spindle 15 forms a ball 
screw, is non-rotatably attached to the force transmit- 
ting sleeve 23. The spindle 15 is journalled in the force 
transmitting sleeve 23 by means of a radial ball bear- 
ing 26 and in a force sensing cup 27 by means of a 
ball bearing 28. This bearing can also transmit axial 
forces from the spindle 15 to the cup 27. 

An elastic disc 30 (of rubber or similar material) 
is confined between the force sensing cup 27 and the 
mechanism lid 3. A pressure transducer 31 is arranged 
in the lid 3 in contact with the elastic disc 30. By the 
design with a smaller force receiving area of the trans- 
ducer 31 than the area of the force sensing cup 27, 
only a fraction of the total force from the spindle 15 is 
transmitted to the transducer 31, which may be of any 
conventional design and transmits an electric signal 
depending on the pressure or force exerted thereon. 

The interaction between the different parts, espe- 
cially the two locking springs 16 and 18 and the control 
sleeve 17, is to now be described. 

The outer locking spring 16, which can also be cal- 
led an application spring for reasons apparent below, 
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primarily serves to prevent the drive sleeve 8 from 
rotating relative to the housing I in one direction. It is 
as shown axially confined, and its left hand end is 
locked to the drive sleeve 8. The major part of the 
spring 16 is arranged with its outer surface in contact s 
with coaxial cylindrical inner surfaces of the sleeve 8 
and the housing I. A few turns of the locking spring 16 
has a smaller diameter and are with its inner surface 
in engagement with the outer surface of the cylindrical 
control sleeve 17. 10 

The inner locking spring I8 t which can also be cal- 
led a release spring, primarily serves to transmit ro- 
tational movement in one direction between the drive 
sleeve 8 and the drive ring 13 but also establishes a 
means for transmitting rotational movement in the 15 
other direction between the control sleeve 17 and the 
drive ring 13, as appears from the description below. 
The inner surface of the locking spring 18 is in contact 
with coaxial cylindrical outer surfaces of the drive 
sleeve 8 and the drive ring 13. The right hand end of 20 
the spring 1 8 is locked to the drive ring 1 3, whereas its 
left hand end is provided with an upwardly projecting 
end 1 8' engaging an axial projection 17" at the left hand 
end of the control sleeve 17. 

The function of the arrangement so far described 25 
is as follows: 

Assuming that the coil spring 6 is tensioned or wound 
up by the electric motor 10 and backwards rotation of 
the latter is prevented by the one-way coupling 12, the 

.drive.sleeve_8 is subjected to a largeJpr^uejnone.roH 30. 

tationa! direction. However, the sleeve 8 is normally 
locked against rotation in this direction by the appli- 
cation spring 16. 

By turning the control sleeve 17 (by means of the 
control motor 20) it is, however, possible to "open" the 35 
outer locking spring or application spring I6, i.e. to turn 
it, in the direction opposite the locking direction, by 
means of the spring turns in engagement with the con- 
trol sleeve 17. Hereby the drive sleeve 8 will be free to 
turn under the action of the coil spring 6 until the ap- 40 
plication spring 16 again locks the sleeve 8 to the hous- 
ing I. The turning movement of the drive sleeve 8 
corresponds in other words to that of the control 
sleeve 17. During this turning movement the inner 
locking spring 18 - due to its locking direction - trans- 45 
mits the turning movement and the torque to the drive 
ring 13. 

The torque transmitted to the drive ring 13 is trans- 
ferred through the ball screw spindle 15 to an axial for- 
ce in the ball nut 25, the force transmitting sleeve 23 so 
and the force transmitting member 4. The application 
stroke or movement is to the left in the drawing. 

It is to be noted that the drive sleeve 8 is only al- 
lowed to rotate (for transmitting its torque to the drive 
ring 13 via the inner locking spring 18) when and to the 55 
extent the control sleeve 17 is rotated by the control 
motor 20 in the unlocking direction for the application 
spring 16. It is also to be noted that the control sleeve 



17 itself is not subjected to the torque of the drive 
sleeve 8 and that only the small torque needed to 
overcome the pretension of the locking spring 16 is re- 
quired for the control sleeve 17. 

The release stroke or movement of the force 
transmitting member 4 and sleeve 23 to the right in the 
drawing (subsequent to an application stroke as des- 
cribed above) can be divided into two steps: a first 
step during which the member 4 and sleeve 23 are 
subjected to a return force to the right from the brake 
disc (or other braked member) and the whole brake 
caliper or rigging (in which the brake unit is arranged) 
ending with the situation where the brake pads are 
just about to leave the brake disc bringing down the 
return force to zero, and a second step during which 
the brake pads are removed from the brake disc the 
desired distance, in the art referred to as the slack. 

For accomplishing a movement in the release di- 
rection during the first step mentioned above the con- 
trol sleeve 17 is rotated in the direction opposite to that 
during the application stroke as described above. This 
rotation is not prevented by the turns of the outer lock- 
ing spring 16 in engagement with the control sleeve 17, 
as the latter now is rotated in the direction for loosen- 
ing the grip of the locking spring 16 thereon. 

By the engagement between the axial projection 
17" of the control sleeve 17 and the upwardly projecting 
end 18' of the inner locking spring or release spring 18, 
the latter will not prevent the drive ring 13 from turning 
_underJhe_action_of_the_force_being_transformed_from 
an axial one in the nut 25 to a rotational one in the 
spindle 15, but only as far as the control sleeve 17 is 
rotated. During this rotation the drive sleeve 8 - all the 
time being subjected to the torque from the coil spring 
6 - is prevented from rotating by the outer locking 
spring 16 in engagement with the housing I. 

Again, it shall be noted that the rotational move- 
ment of the drive ring 13 corresponds to that of the 
control sleeve 17 and that practically no torque for 
rotating the latter is required from the control motor 10, 
namely only the torque required to overcome the pre- 
tension of the inner locking spring 18. 

During the second step of the release stroke no 
torque is transmitted to the drive ring 13 from the brake 
rigging via the spindle 15. In order to establish the de- 
sired slack between the brake disc and the brake pads 
in the brake rigging, it is therefore necessary to apply 
another rotational force on the drive ring 13 for retract- 
ing the brake pads from the brake disc. This rotational 
force, which is relatively minor, stems from the control 
motor 20. At the farther rotation thereof in the release 
direction its rotational movement is transmitted to the 
drive ring 13 through the release spring 18. Still, the 
drive sleeve 8 is held against rotation by the outer 
locking spring 16. 

There is an electric and electronic system as- 
sociated with the mechanical arrangement so far de- 
scribed. This system, which is not shown in the 
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drawing, has the general function to supply the elec- 
tric motor 10 and the control motor 20 with electric 
energy and to control their functions in the following 
way: 

As is understood by the description above, the 5 
only function of the electric motor 10 is to supply the 
accumulator in the form of the coil spring 6 with ener- 
gy or in other words to keep the spring 6 under ten- 
sion. The motor works intermittently. 

The system is so designed that the motor 10 is 10 
started 

1) when the system has been without current for 
any reason, and 

2) after the control motor 20 has started. 

On the other hand, the motor 10 is shut off when 15 
the motor current reaches a predetermined value, in- 
dicating a tensioned coil spring 6. 

Generally speaking, the control motor 20 (and the 
control sleeve 17 associated therewith) acts as a ser- 
vo for the spindle 15. It functions in the following way 20 
under different conditions: 

As described above, an application stroke is ac- 
complished by rotating the control sleeve 17 by the 
control motor 20 in a certain direction - the application 
direction. 25 

When the pressure transducer 31 indicates that a 
desired brake force, or in other words a counter-force 
in the spindle 15 transmitted to the transducer 31 via the 
spindle ring 14, the ball bearing 28, the force sensing 
cu p 27 and the elastic disc 30 , i s bein g reached the 30 
control motor 20 is shut off. This means that no further 
rotational movement is transmitted to the drive ring 13 
from the drive sleeve 8 via the inner locking spring 18. 

After say two turns of the control motor 20 in the 
application direction as determined by the disc 21 and 35 
the yoke 22 the electric motor 10 is started after pre- 
viously having been shut off. 

The release stroke on the other hand is accom- 
plished by rotating the control motor 20 in the opposite 
direction - the release direction. 40 

This rotation of the control motor 20 occurs until 
the transducer 31 indicates a very low counter-force in 
the spindle 15, say 2 kN. From this indication the con- 
trol motor 20 is allowed to rotate a few extra turns as 
determined by the disc 21 and yoke 22 in order to 45 
establish the desired slack between the brake pads 
and the brake disc in the brake rigging. 

Numerous modifications are possible of the 
embodiment shown in Fig I and described above with 
reference thereto. 50 

Generally speaking, the electric motor 10 may 
have a different position, if for example a shorter unit 
is required, and may even be replaced with some 
other means for supplying energy to the coil spring 6, 
for example an air motor or a fluid operated cylinder, 55 
having the function always to keep the coil spring 6 
under sufficient tension. Also, the coil spring 6 may be 
replaced with another type of spring or any other 



means for storing energy. 

The different mechanical components of the ar- 
rangement, for example the journalling of the rotating 
parts and the type of bail screw employed, may vary 
greatly as is well known to any person skilled in the 
art 

More specifically, however, the left hand end of 
the inner locking spring 18 may as an alternative to the 
arrangement shown and described have the same 
design as the right hand end of the outer locking 
spring 16. 

Further, as an alternative to the arrangement for 
providing a signal depending on the axial force in the 
force transmitting member 4 or the spindle 15, i.e. the 
force sensing cup 27, the elastic disc 30 and the 
pressure transducer 31, other means may be em- 
ployed, for example suitably arranged strain gauges. 
This signal may also be derived from other parts of the 
brake rigging. 

A second embodiment of the invention is shown 
in Fig 2. This embodiment has many similarities with 
the first one shown in Fig I and described above, 
whereas the main difference resides in the control 
system for the brake unit, which accordingly will be 
fully described. 

The design and function of the following parts are 
virtually the same as in the first embodiment, and re- 
ference is accordingly made to the description above 
thereof: a housing 40, a spring lid 41, a force transmit- 
ting member 42 , attachments 4 3, a coil sprin g or clock 
spring 44, a motor sleeve 45 with a gear ring 45', a 
drive sleeve 46, an electric motor 47, a locking spring 
48, a drive ring 49, a spindle ring 50, a spindle 51, a 
force transmitting sleeve 52, a ball nut 53, a radial ball 
bearing 54, a force sensing cup 55, a ball bearing 56, 
an elastic ring 57, and a pressure transducer 58. 

In this case the spindle 51 is prolonged and is pro- 
vided with a disc 59 cooperating with a fixed yoke 60 
(in the same way and for the same purpose as the disc 
21 and yoke 22 in the Fig I embodiment). 

As in the Fig I embodiment there is an outer lock- 
ing spring 61 and an inner locking spring 62, generally 
speaking having the same functions as the corre- 
sponding locking springs 16 and 18 in the first embo- 
diment. However, the control of these locking springs 
is quite different, as appears below. 

The outer locking spring 61 is in its tensioned con- 
dition arranged with its outer surface in contact with 
coaxial cylindrical inner surfaces of the drive sleeve 
46 and the housing 40. The inner locking spring 62 is 
in its tensioned condition with its inner surface in con- 
tact with coaxial cylindrical outer surfaces of the drive 
sleeve 46 and the drive ring 49. 

Af irst clutch washer 63 is in non-rotatable but axi- 
ally movable engagement with the right hand end of 
the outer locking spring 61. The washer 63 may en- 
gage a f ixed shoulder 64 of the housing 40 to form a 
toothed clutch 63-64 therewith. 
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Likewise, a second clutch washer 65 is in non- 
rotatabie but axially movable engagement with the 
right hand end of the inner locking spring 62. The 
washer 65 may engage a shoulder 66 of the drive ring 
49 to form a toothed clutch 65-66 therewith. s 

The two clutch washers 63 and 65 are resiliency 
pressed apart for engagement with their respective 
shoulders 64 and 66 by a helical compression spring 
67 arranged between two thrust collars: a first one 68 
and a second one 69. 10 

Acylindrical control member 70 is axially movable 
and provided with a radial part 7i arranged in the op- 
posing fields of two electromagnets 72 fixed in the 
housing 40. At the two thrust collars 68 and 69 the 
control member 70 is provided with a cylindrical re- is 
cess with a somewhat larger width than the distance 
between the two collars 68, 69. The respective end of 
this recess is arranged to cooperate with the respec- 
tive collar in a way to be described below. In the shown 
neutral position (where neither of the two electromag- 20 
nets 72 is energized), however, both clutches 63-64 
and 65-66 are held engaged by the spring 67 (via the 
collars 68, 69). 

As already stated, the general function of the 
embodiment according to Fig 2 is the same as that ac- 25 
cording to Fig I. 

Assume that the coil spring 44 is tensioned and 
that a brake application is desired. In order to accom- 
plish this the locking effect of the outer locking spring 
or a p plication s pring 61 on the drive sleeve 46 must be 30 



Fig 3. This electro-mechanical brake unit has similari- 
ties with the first and second embodiments but differs 
therefrom mainly in that it is not provided with any coil 
spring for energy storage. 

This unit has a housing 80 with a left lid 81 and a 
mechanism lid 82 to the right in the drawing. The lids 
8i and 82 are screwed to the housing 80. The unit is 
also provided with a force transmitting member 83, 
which as appears below is axially movable in relation 
to the housing 80. A brake pad 84 is attached to the 
force transmitting member 83. The brake unit is to be 
arranged in the vicinity of a brake disc of a rail vehicle 
in a way that is well known to any person skilled in the 
art Accordingly, a movement of the member 83 to the 
left in the drawing will result in a brake application. 

A drive sleeve 85 is rotatably journalled in the 
housing. An electric motor 86 is attached to the left lid 
81. It is drivingly connected to the drive sleeve 85 via 
an enlarged part 87 of a motor shaft 88, a pinion 89 
in engagement with the drive sleeve 85,and a one- 
way clutch in the form of a locking spring 90 between 
the enlarged part 87 and the pinion 89. In this way the 
drive sleeve 85 may be rotated by the motor 87 only 
in the rotational direction for brake application, as will 
appear below; rotation of the motor 86 in the opposite 
direction is not transmitted to the drive sleeve 85 due 
to the one-way clutch 90. 

Coaxial with the drive sleeve 85 is a rotatabie 
drive ring 91 in splines engagement with a spindle ring 
92 . which is attached to a rotatab ie spindle 93. ^ 



overcome. By energizing the left electromagnet 72 
the control member 70 is moved to the left in Fig 2 al- 
lowing the clutch 63-64 to be disengaged and the 
locking spring 61 to become untensioned, so that it 
leaves its engagement with the housing 40. The tor- 35 
que is transmitted from the drive sleeve 46 via the in- 
ner locking spring 62 to the drive ring 49 and to the 
further parts, as described in more detail above in 
conjunction with Fig I. 

The application continues as long as the left elec- 40 
tromagnet 72 is energized, which is controlled in the 
corresponding way as the rotation by the motor 20 of 
the control sleeve 17 in the Fig I embodiment When 
this electromagnet is de-energized, the clutch 63-64 
is engaged and the locking spring 61 again expanded 45 
into engagement with the inner cylindrical surface of 
the housing 40 preventing any further rotation of the 
drive sleeve 46. 

A release stroke is accomplished in that the other 
or right electromagnet 72 is energized, so that the so 
control member 70 is moved to the right in Fig 2 and 
the clutch 65-66 is disengaged. In this way the inner 
locking spring 62 becomes untensioned and leaves 
its locking engagement with the drive ring 49, which 
accordingly will be free to rotate in the release direc- 55 
tion in the same way as described above with refer- 
ence to Fig I. 

A third embodiment of the invention is shown in 



A rotary force transmission between the drive 
sleeve 85 and the drive ring 91 (and thus the spindle 
93 via the spindle ring 92) is performed by means of 
an arrangement consisting of three concentric mem- 
bers, namely an outer locking spring 94, a control 
sleeve 95, and an inner locking spring 96. 

The outer end, or the end to the right in Fig 3, of 
the control sleeve 95 is provided with a gear ring 95' 
in engagement with a gear wheel 97, which is ar- 
ranged on the motor shaft 88 integral with its enlarged 
part 87. The shaft 88, extending out to the left of the 
motor 86, is provided with a disc 98 cooperating with 
a fixed yoke 99 for accomplishing a position trans- 
ducer. This position transducer is used to control the 
motor 86 for slack adjusting, as will appear below. By 
means of the gear wheel 97 the control sleeve 95 can 
be rotated by the electric motor 86 in both rotational 
directions. 

A force transmitting sleeve 100 is attached to the 
force transmitting member 83. A bail nut 101, which to- 
gether with the ball screw spindle 93 forms a ball 
screw, is non-rotatably attached to the force transmit- 
ting sleeve 100. The spindle 93 is journalled in the for- 
ce transmitting sleeve 100 by means of a radial ball 
bearing I0IA and in a force sensing cup 102 by means 
of a ball bearing 103, which is also transmitting axial 
forces from the spindle 93 to the cup 102. 

An elastic disc 104 (of rubber or similar material) 
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is confined between the force sensing cup I02 and the 
mechanism lid 62. A pressure transducer I05 is ar- 
ranged in the lid 82 in contact with the elastic disc 1 04. 
By the design with a smaller force receiving area of 
the transducer I05 than the area of the force sensing 5 
cup I02, only a fraction of the total force from the spin- 
dle 93 is transmitted to the transducer I05, which may 
be of any conventional design and transmits an elec- 
tric signal depending on the pressure or force exerted 
thereon. 10 

The interaction between the different parts, espe- 
cially the two locking springs 94 and 96 and the control 
sleeve 95, is now to be described. 

The outer locking spring 94 serves to prevent the 
drive sleeve 85 from rotating relative to the housing 80 1 5 
in one direction. Its left hand end is locked to the drive 
sleeve 85. The spring 94 is arranged with its outer 
surface in contact with coaxial cylindrical inner sur- 
faces of the sleeve 85 and the housing 80. 

The inner locking spring 96 primarily serves to 20 
transmit rotational movement in one direction be- 
tween the drive sleeve 85 and the drive ring 91 but also 
establishes a means for transmitting rotational move- 
ment in the other direction between the control sleeve 
95 and the drive ring 91, as will appear from the des- 25 
cription below. The major part of the spring 96 is ar- 
ranged with its inner surface in contact with coaxial 
cylindrical outer surfaces of the drive sleeve 85 and 
the drive ring 91. The right hand end of the spring 96 
Jsjpjd^.tojhej^ 

the spring 96 to the left have a larger diameter and 
with its outer surface are in engagement with the inner 
surface of the cylindrical control sleeve 95. 

The function of the arrangement so far described 
is as follows: Let us assume that the different parts 35 
are in the respective positions shown in Fig 3 and that 
the electric motor 86 is idle. In order to accomplish a 
brake application the motor 86 is started in its ro- 
tational direction for driving - via the locking spring 90 
and the pinion 89 - the drive sleeve 85 in the direction 40 
allowed by the outer locking spring 94. During this 
turning movement the inner locking spring 96 - due to 
its locking direction - transmits the turning movement 
to the drive ring 91. 

The electric motor 86 is not only rotating the drive 45 
sleeve 85 but also - via the gearwheel 97 - the control 
sleeve 95 with at least the same rotational speed as 
the drive sleeve 85, so that also the turns of the inner 
locking spring 96 are conveyed in the rotational move- 
ment. 50 

The rotation and torque from the electric motor 86 
transmitted to the drive ring 91 is transferred through 
the ball screw spindle 93 to an axial force in the ball 
nut I0I, the force transmitting sleeve I00 and the force 
transmitting member 83. The application stroke or 55 
movement is to the left in the drawing. 

When the motor 86 is switched off, the whole ar- 
rangement is locked in the position attained, and not 



until the motor 86 is rotated in the opposite direction 
a release stroke as described below will be attained. 
This locking is accomplished by the two locking 
springs 94 and 96. 

The release stroke or movement of the force 
transmitting member 83 and sleeve I00 to the right in 
Fig 3 (subsequent to an application stroke as des- 
cribed above) can be divided into two steps: a first 
step during which the member 83 and sleeve I00 are 
subjected to a return force to the right from the brake 
disc (or other braked member) ending with the situa- 
tion where the brake pad 84 is just about to leave the 
brake disc bringing down the return force to zero, and 
a second step during which the brake pad is removed 
from the brake disc the desired distance, in the art re- 
ferred to as the slack. 

For accomplishing a movement in the release di- 
rection during the first step mentioned above the con- 
trol sleeve 95 is rotated in the direction opposite to 
that during the application stroke as described above. 
This rotation is accomplished by the electric motor 86 
via the gear wheel 97. However, due to the locking 
spring 90 the rotation is not transmitted to the drive 
sleeve 85. 

By the engagement with the control sleeve 95 of 
the turns of the inner locking spring 96 to the left in 
Fig 3 the above mentioned backwards rotation of the 
control sleeve 95 opens up the locking spring 96 al- 
lowing the drive ring 91 to turn under the action of the 
.force_being.transfbrmed_from.an.axiaLonejnJhe_nut. 
101 to a rotational one in the spindle 93, but only as far 
as the control sleeve 95 is rotated. 

During the second step of the release stroke no 
torque is transmitted to the drive ring 91 from the brake 
pad 84 via the spindle 93. In order to establish the de- 
sired slack between the brake disc and the brake pad, 
it is therefore necessary to apply another rotational 
force on the drive ring 91 for retracting the brake pad 
84 from the brake disc. This rotational force, which is 
relatively minor, stems from the electric motor 86 via 
the gear wheel 97 and the control sleeve 95. At con- 
tinued rotation of the sleeve 95 in the backwards di- 
rection or release direction this rotational movement 
is transmitted to the drive ring 91 through the inner 
locking spring 96. Still, the drive sleeve 85 does not 
take part in the rotational movement. 

There is an electric and electronic system as- 
sociated with the mechanical arrangement so far de- 
scribed. This system, which is not shown in the 
drawing, has the function to supply the electric motor 
86 with electric energy for rotation in the appropriate 
direction. 

As described above, an application stroke is ac- 
complished by rotating the electric motor 86 and ac- 
cordingly the control sleeve 95 in a certain direction - 
the application direction. 

When the pressure transducer 105 indicates that 
a desired brake force, or in other words a counter-for- 
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ce in the spindle 93 transmitted to the transducer I05 
via the spindle ring 92, the ball bearing 1 03, the force 
sensing cup I02 and the elastic disc I04, is being 
reached, the electric motor 86 is shut off. 

The release stroke on the other hand is accom- 5 
plished by rotating the electric motor 86 in the oppo- 
site direction - the release direction. 

This rotation of the electric motor 86 continues 
until the transducer I05 indicates a very low counter- 
force in the spindle 93. From this indication the electric 10 
motor 86 is allowed to rotate some extra turns as de- 
termined by the position transducer 98, 99 in order to 
establish the desired slack between the brake pad 
and the brake disc. 

Other ways of controlling the formation of the de- 15 
sired slack than by means of the position transducer 
are possible. For example, the electric motor 86 may 
be time-controlled. 

A possible modification of the actuator shown in 
Fig 3 is to replace the control of the inner locking 20 
spring 96 by means of the electric motor 86 via the 
members 87, 97 and 95 with the type of control shown 
in Fig 2, i.e. with an electro-magnet. 

In this way the control speed may be increased. 
Also, as a result of such a modification the transmis- 25 
sion of brake forces from the actuator automatically 
ceases at the discontinuation of voltage supply - an 
effect which can be desired in certain cases. The re- 
versed situation - namely that the actuator is auto- 
matically activated at the discontinuation of volta g e 30 



centric with the drive sleeve (8; 85) and the drive 
ring (13; 91) and is connected with one end of the 
locking spring (18; 96), whereby rotation of the 
control sleeve in the second direction will open 
the locking spring and allow the drive ring to rotate 
the same angular distance as the control sleeve 
in the second direction (Figs 1, 3). 

3. An actuator according to claim 2, in which the 
drive sleeve (8) is subjected to the torque of a coil 
spring (6) tensioned by a motor, preferably an 
electric motor (10), characterized in that the 
clutch means is a locking spring (16) normally 
preventing rotation of the drive sleeve (8) in the 
first direction and in that one end of the locking 
spring is connected to the control sleeve (17), 
whereby rotation thereof in the first direction will 
open the locking spring and allow the drive sleeve 
(8) to rotate the same angular distance as the 
control sleeve in the first direction (Fig 1). 

4. An actuator according to claim 3, characterized 
in that the control sleeve (17) is connected to a 
control motor (20) for its rotation in either direc- 
tion. 

5. An actuator according to claim 4, further including 
means (1 5, 25) connected to the drive ring (1 3) for 
transforming the rotational movement thereof into 
an axial movement , characterized i n that- when_ 



supplymay alternatively be obtained. 



Claims 



35 



1. An actuator, including a housing (1-3; 40, 41; 80- 
82), a drive sleeve (8; 46; 85) subjected to a ro- 
tational movement by a source (6) of working 
energy for the actuator, and a drive ring (13; 49; 

91), which delivers a rotational movement to 40 
further means of the actuator, characterized by 
clutch means (16; 61; 94) between the drive 
sleeve (8; 46; 85) and the housing (1-3; 40, 41; 
80-82) that only conditionally permits rotation of 
the former in a first direction, further by a locking 45 
spring (18; 62; 96) connecting the drive sleeve 
with the drive ring (13; 49; 91), which is coaxial 
therewith, and by means (17; 65-67, 69, 70; 95) 
that control the locking spring to perform its func- 
tion to drhvingly connect the drive sleeve with the so 
drive ring only at the rotation of the drive sleeve 
in the first direction but to allow certain rotation of 
the drive ring in a second, opposite direction at re- 
quest. 

55 

2. An actuator according to claim 1, characterized 
in that the means for controlling the locking spring 
(18; 96) is a control sleeve (17; 95), which is con- 



a predetermined axial force has been obtained - 
a pressure transducer (31) is arranged to transmit 
a signal for switching off the control motor (20) at 
its rotation in the first direction. 

6. An actuator according to claim 5, characterized 
in that the control motor (20) at its rotation in the 
second direction is arranged to rotate a certain 
angular distance for establishing a desired slack, 
after the pressure transducer (31) has transmit- 
ted a signal indicating that the axial force is virtu- 
ally zero. 

7. An actuator according to claim 1 or 2, in which the 
drive sleeve (85) is connected to a rotary motor, 
preferably an electric motor (86), characterized 
in that the clutch means is a locking spring (94) 
for permitting rotation of the drive sleeve (85) by 
the motor (86) only in the first direction (Fig 3). 

8. An actuator according to claim 7, characterized 
in that the motor (86) is drivingly connected to the 
control sleeve (95) for permitting rotation thereof 
in both directions, whereas in the connection be- 
tween the motor and the drive sleeve (85) is ar- 
ranged a one-way clutch (90) only transmitting 
rotation to the drive sleeve in the first direction. 
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9. An actuator according to claim 1, in which the 
drive sleeve (46) is subjected to the torque of a 
coil spring (44) tensioned by a motor, preferably 
an electric motor (47), characterized in that the 
clutch means is an outer locking spring (61) nor- 
mally preventing rotation of the drive sleeve (46) 
in the first direction and in that the means for con- 
trolling the locking spring arranged between the 
drive sleeve and the drive ring (49)- an inner lock- 
ing spring (62) said means also controlling the 
outer locking spring, is a control member (70), 
which is axially movable under the influence of 
two electromagnets (72) for unlocking the end of 
either locking spring (61, 62) from the housing 
(40) or the drive ring (49), respectively, and ac- 
cordingly for allowing rotation of the drive sleeve 
(46) in the first direction or the drive ring in the 
second direction, respectively (Fig 2). 



Patentanspruche 

1. Stellantrieb mit einem Gehause (I-3; 40,41; 80- 
82), einer eine Drehbewegung durch eine Quelle (6) 
fur den Stellantrieb ausgesetzten Antriebsbuchse (8; 
46; 85) und einem Antriebsring (13; 49; 91), der eine 
Drehbewegung an weitere Teile des Stellantriebs 
ubertragt, 

dadurch gekennzeichnet, 

daft Kupplung smitte l (16; 61 ; 94 ) zwischen der An - 
triebsbuchse (8; 46; 85) und dem Gehause (1-3; 40,41; 
80-82) vorgesehen sind, die nur bedingt deren Dreh- 
ung in eine erste Richtung gestatten, ferner eine ko- 
axial mit ihnen angeordnete Schlingfeder (18; 62; 96), 
die die Antriebsbuchse mit dem Antriebsring (13; 49; 
91) verbindet, und Teile (17; 65-67,69,70; 95), die die 
Schlingfeder steuern, urn deren Aufgabe zu erfullen, 
antriebsmadig die Antriebsbuchse mit dem Antriebs- 
ring nur bei der Drehung der Antriebsbuchse in die er- 
ste Richtung zu verbinden, aber eine gewisse 
Drehung des Antriebsringes in eine zweite entgegen- 
gesetzte Richtung bei Bedarf zuzulassen. 

2. Stellantrieb nach Anspruch I, 
dadurch gekennzeichnet, 

dad die Teile zum Steuern der Schlingfeder (18; 96) 
aus einer Steuerbuchse (17; 95) bestehen, die kon- 
zentrisch zur Antriebsbuchse (8; 85) und zum An- 
triebsring (13; 91) ist und die mit einem Ende der 
Schlingfeder (18; 96) verbunden ist, wobei eine Dreh- 
ung der Steuerbuchse in die zweite Richtung die 
Schlingfeder lost und dem Antriebsring gestattet, urn 
dasselbe Winkelmad wie die Steuerbuchse in die 
zweite Richtung zu drehen (Figuren 1,3). 

3. Stellantrieb nach Anspruch 2, wobei die An- 
triebsbuchse der Drehkraft einer von einem Motor, 
vorzugsweise einem Elektromotor (10) gespannten 
Schraubenfeder (6) ausgesetzt ist, 

dadurch gekennzeichnet, 



daft das Kupplungsteil eine Schlingfeder (16) ist, die 
normalerweise eine Drehung der Antriebsbuchse (8) 
in die erste Richtung verhindert, und dad ein Ende 
der Schlingfeder mit der Steuerbuchse (17) verbunden 
5 ist, wobei deren Drehung in die.erste Richtung die 
Schlingfeder lost und der Antriebsbuchse(8) gestat- 
tet, im selben Winkelmad wie die Steuerbuchse in die 
erste Richtung zu drehen (Figur I). 

4. Stellantrieb nach Anspruch 3, 
10 dadurch gekennzeichnet, 

dad die Steuerbuchse (17) mit einem Steuermotor 
(20) fur ihre Drehung in beide Richtungen verbunden 
ist. 

5. Stellantrieb nach Anspruch 4 mit mit dem An- 
ts triebsring /13) verbundenen Teilen (15,25) fur ein Um- 

wandeln von dessen Drehbewegung in eine Axial- 
bewegung, 

dadurch gekennzeichnet, 

dad - wenn eine vorgegebene Axial kraft erzielt wurde 
20 - ein Druckumformer (31) angeordnet ist, ein Signal 
zum Abschalten des Steuermotors (20) bei seiner 
Drehung in die erste Richtung zu ubertragen. 

6. Stellantrieb nach Anspruch 5, 
dadurch gekennzeichnet, 

25 dad der Steuermotor (20) bei seiner Drehung in die 
zweite Richtung angeordnet ist, ein bestimmtes Win- 
kelmad zu drehen, urn einen gewunschten Schlupf 
herzustellen, nachdem der Druckumformer (31) ein 
Signal ubermittelt hat, das anzeigt, dad die Axialkraft 

30 praktisch null ist 



7. Stellantrieb nach Anspruch I Oder 2, wobei die 
Antriebsbuchse (85) mit einem Drehmotor, vorzugs- 
weise einem Elektromotor (86) verbunden ist, 
dadurch gekennzeichnet, 

35 dad das Kupplungsteil eine Schlingfeder (94) ist, die 
eine Drehung der Antriebsbuchse (85) durch den Mo- 
tor (86) nur in die erste Richtung erlaubt (Figur 3). 

8. Stellantrieb nach Anspruch 7, 
dadurch gekennzeichnet, 

40 dad der Motor (86) ahtriebsmadig mit der Steuer- 
buchse (95) verbunden ist, urn deren Drehung in bei- 
de Richtungen zu gestatten, wobei in der Verbindung 
zwischen dem Motor und der Antriebsbuchse (85) ei- 
ne Freilauf-Kupptung (90) angeordnet ist, die nur ei- 

45 ne.Drehung in die erste Richtung an die Antriebs- 
buchse ubertragt. 

9. Stellantrieb nach Anspruch I, wobei die An- 
triebsbuchse (46) der Drehkraft einer von einem Mo- 
tor, vorzugsweise einem Elektromotor (47) gespann- 

50 ten Schraubenfeder (44) ausgesetzt ist, 
dadurch gekennzeichnet, 

dad das Kupplungsteil eine Sudere Schlingfeder (61) 
ist, die normalerweise eine Drehung der Antriebs- 
buchse (46) in die erste Richtung verhindert, und dad 
55 das zum Steuern der Schlingfeder - einer inneren 
Schlingfeder (62) - zwischen der Antriebsbuchse und 
dem Antriebsring (49) angeordnete Teil, wobei das 
Teil gleichfalls die audere Schlingfeder betStigt, ein 
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Steuerglied (70) ist, das axial beweglich unter dem 
Einf luB von zwei Elektromagneten (72) steht, urn das 
Ende beider Schlingfedern (61, 62) vom GehSuse 
(40) bzw, vom Antriebsring (49) zu losen und demge- 
mafi eine Drehung der Antriebsbuchse (46) in die er- 
ste Richtung bzw, des Antriebsringes in die zweite 
Richtung zu gestatten (Figur 2). 



Revendications 

1 . Actionneur, comprenant un bottier (1-3 ; 40, 41 ; 
80-82), un manchon d'entratnement (8 ; 46 ; 85) 
sou mis a un mouvement de rotation par une sour- 
ce (6) d'energie de travail pour Pactionneur, et 
une bague d'entratnement (13 ; 49 ; 91), qui deii- 
vre un mouvement de rotation a d'autres moyens 
de I'actionneur, caracterise par un moyen d'em- 
brayage (16 ; 61 ; 94) entre le manchon d'entratne- 
ment (8 ; 46 ; 85) du bottier (1-3 ; 40, 41 ; 80-82) 
qui permet seulement une rotation du premier 
dans un premier sens, en outre par un ressort 
( 1 8 ; 62 ; 96) de verroufllage reliant le manchon d'en- 
tratnement a la bague d'entratnement (13 ; 49 ; 91) 
qui est coaxial avec eux, et par des moyens (1 7 ; 65- 
67, 69, 70 ; 95) qui commandent le ressort de 
verrouillage af in qu'il execute sa fonction pour re- 
lier en entratnement le manchon d'entratnement 
a la bague d'entratnement uniquement lors de la 

rotationdu-manchon-d!entratnementdansle.pre^ 

mier sens, mais en permettant une certaine rota- 
tion de la bague d'entratnement dans un second 
sens, oppose, a la demands. 

2. Actionneur selon la revendication 1, caracterise 
en ce que les moyens destines a commander le 
ressort de verrouillage (18 ; 96) comprennent un 
manchon de commando (17 ; 95) qui est concen- 
trique avec le manchon d'entratnement (8 ; 85) et 
la bague d'entratnement (13 ; 91) et qui est relie a 
une extremite du ressort de verrouillage (18 ; 96), 
afin qu'une rotation du manchon de commando 
dans ie second sens ouvre le ressort de verrouil- 
lage et permette a la bague d'entratnement de 
tourner sur la meme distance angulaire que le 
manchon de commande dans le second sens (fi- 
gures 1,3). 

3. Actionneur selon la revendication 2, dans lequel 
le manchon d'entratnement (8) est soumis au 
couple d'un ressort helicoTdal (6) qu'un moteur, 
avantageusement un moteur electrique (10), 
tend, caracterise en ce que le moyen d'embraya- 
ge est un ressort de verrouillage (1 6) empechant 
normalement une rotation du manchon d'entrat- 
nement (8) dans le premier sens, et en ce qu'une 
extremite du ressort de verrouillage est reliee au 
manchon (17) de commande, afin qu'une rotation 



de celui-ci dans le premier sens ouvre le ressort 
de verrouillage et permette au manchon (8) d'en- 
tratnement de tourner sur la meme distance an- 
gulaire que le manchon de commande dans le 
5 premier sens (figure 1). 

4. Actionneur selon la revendication 3, caracterise 
en ce que le manchon de commande (1 7) est relie 
a un moteur de commande (20) pour etre mis en 

10 rotation dans chaque sens. 

5. Actionneur selon la revendication 4, comprenant 
en outre des moyens (15 ; 25) relies a la bague 
d'entratnement (1 3) pour transformer son mouve- 

15 ment de rotation en un mouvement axial, carac- 
terise en ce que - lorsqu'une force axiale pre- 
determinee a ete obtenue - un transducteur (31) 
de pression est agence de facon a transmettre un 
signal pour arreter le moteur (20) de commande 

20 dans sa rotation dans le premier sens. 

6. Actionneur selon la revendication 5, caracterise 
en ce que le moteur (20) de commande, dans sa 
rotation dans ie second sens, est agence de fa- 

25 con a tourner sur une certaine distance angulaire 
afin d'etablir un jeu souhaite, apres que le trans- 
ducteur de pression (31) a emis un signal indi- 
quant que la force axiale est pratiquement nulle. 

30—7 — Actionneur-selon la revendication-lou-2, dans le^- 
quel le manchon d'entratnement (85) est relie a 
un moteur rotatif, avantageusement un moteur 
electrique (86), caracterise en ce que le moyen 
d'embrayage est un ressort (94) de verrouillage 

35 destine a permettre une rotation du manchon 
d'entratnement (85) sous Taction du moteur (86), 
uniquement dans le premier sens (figure 3). 

8. Actionneur selon la revendication 7, caracterise 
40 en ce que le moteur (86) est relie en entratnement 

au manchon (95) de commande afin d'en permet- 
tre une rotation dans les deux sens, alors que 
dans la liaison entre le moteur et le manchon (85) 
d'entratnement, est agencee une roue libre (90) 
45 transmettant uniquement une rotation au man- 
chon d'entratnement dans le premier sens. 

9. Actionneur selon la revendication 1, dans lequel 
le manchon d'entratnement (46) est soumis au 

so couple d'un ressort helicoTdal (44) qu'un moteur, 
avantageusement un moteur electrique (47), 
tend, caracterise en ce que le moyen d'embraya- 
ge est un ressort exterieur (61) de verrouillage 
empechant normalement une rotation du man- 

55 chon d'entratnement (46) dans le premier sens, et 
en ce que le moyen destine a commander le res- 
sort de verrouillage agence entre le manchon 
d'entratrtement et la bague d'entratnement (49) - 
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un ressort de verrouillage interieur (62) - f ledit 
moyen commandant aussi le ressort de verrouil- 
lage exterieur, est un Element de commande 
(70), qui est mobile axialement sous I'effet de 
deux 6lectro-aimants (72) pour deverrouiller Tex- s 
tremite de chaque ressort de verrouillage (61 , 62) 
du boftier (40) ou de la bague d'entratnement 
(49), respectivement et permettre, en conse- 
quence, une rotation du manchon d'entratnement 
(46) dans ie premier sens ou de la bague d'entrai- 10 
nement dans le second sens, respectivement (fi- 
gure 2). 
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